INTRODUCTION
The Yidun Island Arc (YIA) is located in the northeastern Tibetan Plateau, southwestern China. It is separated by the Jinshajiang fault from the Qiangtang Block to the west and by the Ganzi-Litang fault from the Songpan-Ganzi terrane to the north and east (Fig. 1a) . The YIA is a very important polymetal metallogenic belt (Hou, 1993; Mo et al., 1994; Yin and Harrison, 2000; Pan et al., 2004; Hou et al., 2007; Pullen et al., 2008; Fei et al., 2014) . Its western part, also known as the Zhongza Massif, is considered a microcontinental block split from the western Yangtze Block during the Late Permian, while its eastern part is dominated by a Triassic volcanic-flysch sequence, the Yidun Group, and Late Triassic arc-related plutons, including Lieyi, Qugasi, Tumugou, and Lamaya Formations (BGMRSP, 1991) .
Numerous porphyry (skarn) or hydrothermal-type Cupolymetallic ore deposits occur in the southern segment of the YIA (known as the Zhongdian arc); these include the Pulang, Xuejiping, Lannitang, Chundu, Songnuo, Pan et al., 2004) Li et al., 2012 ; with age data from Xu et al., 2006; Li et al., 2007 Li et al., , 2012 Wang et al., 2008). cons in copper-bearing monzogranite samples from the Rexiang deposit in the central YIA of northeastern Tibet. The results provide constraints on the age and origin of the monzogranite and on the tectonic relationship between the YIA and the mineralization.
. (b) Distribution map of porphyry and hydrothermal deposits in the central and southern segments of the YIA (modified from

GEOLOGICAL BACKGROUND
The central Yidun Island Arc (YIA) is located in northeastern Tibet, close to the northwestern margin of the Yangtze Block (Zheng et al., 2013) . The Rexiang deposit is situated about 14 km to the southeast of Xiangcheng county town, west Sichuan, being structurally located in the central YIA (Fig. 1a) . The strata outcropped is the Late Triassic Lamaya Formation (T 3 lm), composed of a set of paralic accumulation of felsic sandstone, siltstone, and silty slate lithologic sequences. The orebody is located in monzogranite, which is the copper-bearing body, and is almost wholly mineralized (Fig. 2) .
The tectonics mainly exhibits a nearly south-north Yudi thrust fault (F 1 ) and east-west secondary fissures. The first-phase Cilincuo porphyritic-like biotite granite intruded into the Late Triassic Lamaya Formation (T 3 lm). Then the second copper-bearing monzogranite intruded into the biotite granite along the Yudi thrust fault (F 1 ) and into the east-west fissures. The monzogranite shows fine-grained granitic texture and massive structure. The main minerals are plagioclase (35-45%), K-feldspar (25-30%), and quartz (30-35%) (Figs. 3a-c), with small amounts of biotite and hornblende. Plagioclase and biotite erode into sericite and chlorite, respectively (Fig. 3d) . Accessory minerals include zircon and magnetite, with sizes mainly ranging from 0.1 to 0.2 mm. Wallrock alterations include silicification, chloritization, epidotization, sericitization, and kaolinization.
The richer orebody is primarily located in the silicification and east-west fissures region, where the grade is higher, varying between 0.21% to 2.90% (primarily 0.25-0.64%), while those values vary between 0.12% to 2.9% in the total deposit, with an average of 0.49%. Massive ores, with a mineral assemblage of chalcopyrite, chalcocite, and pyrite, are located in the silicification east-west fissures, while the sparsely disseminated ores, with a mineral assemblage of chalcopyrite and chalcocite, are located in the monzogranite. The Rexiang copper deposit is considered to be a hydrothermal-type ore deposit.
SAMPLING AND ANALYTICAL METHODS
All samples used in the present study were collected from outcrops in the Rexiang deposit. Sample RX-19 was used for zircon U-Pb dating.
The monzogranite is more or less altered. We took samples from the least-altered areas as often as possible. After the surface-weathered layer was removed, the samples were crushed roughly and then powdered manually Fei et al., 2010 in an agate mortar and washed with chemically pure ethyl alcohol; the treated samples were then used for analysis. The analysis of major elements and trace elements was done by the Analytical Center of Southwest Metallurgical Geology, Chengdu, China. The major elements were analyzed by a Rigaku RIX 2100 X-ray fluorescence (XRF) spectrometer using fused glass disks, with an accuracy of better than ±5%. The trace elements were analyzed by using an inductively coupled plasma mass spectrometer (Agilent 7500a) after acid digestion of samples in a Teflon bomb, and the accuracy was generally >±10%. Wholerock Sr isotopic compositions were determined using Zircons were separated in the Geological Laboratory of the Hebei Institute of Regional Geological Survey, Langfang. Laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS) analysis of zircon was carried out at the State Key Laboratory of Continental Dynamics in Northwest University, Xian. Very transparent and well-crystallized zircon grains without fissures or inclusions were selected from the separated zircons under a binocular microscope and then mounted in epoxy resin and polished until the grain interiors were exposed. Before analysis, the zircon grain sample surface was cleaned using 3% diluted HNO 3 to remove any contaminant. Afterward, the internal structure was analyzed by using cathode luminescence (CL), and in situ trace element analysis was conducted using LA-ICP-MS. The zircon CL analysis was conducted on a Mono CL3+ system fitted to a field emission scanning electron microscope from FEI Co. (USA). The mass spectrometer used for zircon U-Pb dating was an Agilent 7500a with ShieldTorch, the latest-generation product from Agilent Co. The laser ablation system, a Geolas 200M produced by MicroLas Co. (Germany), was composed of a COMPex 102 excimer laser (whose working substance was ArF), operated at a wavelength of 193 nm, with a beam diameter of 32 mm, from Lambda Physik Co. (Germany) and an optical system from MicroLas Company. The detailed analysis method has been given by Yuan et al. (2008) .
Before data analysis, synthetic silicate glass standard reference material NIST 610, developed by the National Institute of Standards and Technology (NIST), was used to optimize the instrument so that it reached its maximum sensitivity, minimum oxide yield (ThO + /Th + < 2%), and minimum background value. One Zircon 91500 and one NIST 610 were tested for every 5 sample points tested. Data processing was conducted using the GLITTER program (Version 4.0) and fractionation correction of isotopic ratios was done using Zircon 91500 as an external standard for the age calculation (Jackson et al., 2004) . The concordia diagram for zircons was obtained with the ISOPLOT program (Version 3.0) (Ludwig, 2003) .
RESULTS
Zircon U-Pb geochronology
The zircon CL images for the monzogranite are shown in Fig. 4 , and the geochronological results are listed in Table 1 . The zircons in the Rexiang deposit have high euhedral degree, showing euhedral to subhedral, and large grain size, ranging from 50 to 150 mm, indicating obvious magmatic zoning. The zircon Th/U ratios range from 0.22 to 1.33, with an average of 0.64, and are all higher than 0.1, indicating that the zircons have a magmatic origin. Therefore, the crystallization age of zircons can represent the rock-forming age of the monzogranite. The weighted mean age of 18 zircon grains is 79.3 ± 0.7 Ma (MSWD = 3.8) (Fig. 5) Trace element characteristics of the zircons The trace element test results of the zircons are listed in Table 2 . After the analytical values were chondrite normalized (Boynton, 1984) , the distribution diagrams (Fig.   6 ) were obtained. The Rare earth element (REE) patterns of the zircons are characterized by heavy rare earth element (HREE) enrichment, positive Ce anomalies and negative Eu anomalies (Fig. 6) 
Whole-rock geochemistry
The major, trace element, and Sr isotope analysis results are listed in Table 3 . In the copper-bearing monzogranite samples, SiO 2 content ranges from 72.56% Fig. 6 . Chondrite-normalized REE patterns of zircon for RX-19 (with normalizing values from Boynton, 1984) . Shand, 1947) . Rickwood, 1989). to 76.74%, Al 2 O 3 content ranges from 10.63% to 13.26%, MgO content ranges from 0.08% to 0.43%, CaO content ranges from 0.62% to 0.98%, K 2 O content ranges from 4.48% to 6.02%, and Na 2 O content ranges from 2.69% to 3.02% with K 2 O/Na 2 O = 1.36-2.47 and CaO/Na 2 O = 0.22-0.36. With the increase of SiO 2 , the contents of Al 2 O 3 , FeO T , MgO, CaO, MnO, Na 2 O, P 2 O 5 and K 2 O decrease (Fig. 7) .
Fig. 8. A/CNK vs. A/NK plot for Rexiang monzogranite (after
Fig. 9. SiO 2 vs. K 2 O plot for Rexiang monzogranite (after
The samples are peraluminous, with A/CNK [Al 2 O 3 / (CaO+Na 2 O+K 2 O)] molar ratios of 1.02-1.20 (Fig. 8) , and mainly fall into the high-K calc-alkaline to shoshonitic series field (Fig. 9) .
The REE distribution shows enrichment in LREE but depletion in HREE (Fig. 10) , with moderate differentiation of LREE/HREE. The total REE contents vary from approximately 138.36 to 285.97 ppm, showing positive Ce anomalies (dCe = 1.11-2.18) but moderately negative Eu anomalies (dEu = 0.22-0.77). Negative Eu anomalies indicate that significant plagioclase fractionation occurred in the parent magma of the monzogranite. The copper-bearing monzogranite exhibits similar patterns of trace element distribution in the primitive-mantle-normalized spidergrams (Fig. 11) . They exhibit enrichment in Rb, Th, U, Nd and Ta but depletion in Ba, Sr and P.
The initial 87 Sr/ 86 Sr ratios have been calculated by using the U-Pb age determined in this study (Fig. 4) 
DISCUSSIONS
Origin of the copper-bearing monzogranite
The A/CNK [Al 2 O 3 /(CaO+Na 2 O+K 2 O)] values vary between 1.02 and 1.20, lying primarily within 1.02-1.06, with an average of 1.07. These values are lower than those of >1.1 for common S-type granites that are usually generally peraluminous. The normative corundum contents range from 0.27 to 2.22, lying primarily within 0.27-0.76, with an average of 0.9 (<1). The differentiation index (DI) values are high, varying between 86 and 94 and lying primarily within 91-94, with an average of 91.3. The monzogranite lacks typical Al-rich minerals (e.g., muscovite, garnet, tourmaline, and cordierite) and shows marked decreases in P 2 O 5 . In the Zr+Nb+Ce+Y vs. FeO*/ MgO plot (Fig. 12) , all samples fall into the region of fractionated felsic granites (FG). Therefore, the Rexiang monzogranite has a geochemical affinity to highly fractionated and weakly peraluminous I-type granite.
Previous studies have suggested that peraluminous rocks could be produced by (i) melting of metapelite and metagreywacke (White and Chappell, 1988; Patino Douce, 1995; Sylvester, 1998; Eyal et al., 2004) ; (ii) partial melting of tonalite and granodiorite at pressures ≥8 kbar with clinopyroxene in restite (Patino Douce, 1999) ; and (iii) amphibole fractionation from relatively primitive low-Ca metaluminous granitic melts (Bonin, 1998) .
The Rexiang monzogranite has high initial 87 Sr/ 86 Sr ratios (0.70957-0.7114), mainly related to melts derived from crust material. Widespread association of strongly peraluminous granites with metasedimentary (pelite, psammite, or graywacke) and migmatitic paragneiss country rocks in the central YIA (Qugasi, Tumugou, and Lamaya Formations) suggests that psammitic and metapelite sources have dominated for the granite.
In particular, pelite-derived peraluminous granite melts tend to have lower CaO/Na 2 O ratios (<0.3) than psammite-derived peraluminous granite with high CaO/ Na 2 O ratios (>0.3). This difference could, in principle, have been produced through mixing of basaltic melts with pelite-derived melts, rather than simply by anatexis of psammites (Sylvester, 1998) . Petrological, geochemical, Sun and McDonough, 1989) . Whalen et al., 1987) . Boynton, 1984) .
Fig. 11. Primitive-mantle-normalized trace element patterns for Rexiang monzogranite (with normalizing values from
Fig. 10. Chondrite-normalized REE patterns for Rexiang monzogranite (with normalizing values from
and experimental studies for strongly peraluminous granites have shown that the heat for crustal melting is primarily provided by mantle-derived magmas that are then mixed with induced crustal melts (Healy et al., 2004) . The CaO/Na 2 O ratio (0.22-0.36, averaging 0.30) and low Rb/Sr and Rb/Ba ratios for the Rexiang monzogranite indicate an origin of melts derived from clay-rich sources (Fig. 13) , rather than psammite. In addition, the Rexiang monzogranite has a very high SiO 2 content (72.56-76.74 wt.%) and lacks microgranular enclaves, indicating that there was no magma mixing. The monzogranite should mainly originate from crustal rocks rather than magma mixing. Therefore, the Rexiang monzogranite can be interpreted compositionally as resulting from pelite-derived crustal rocks melts.
Implications for the tectonic setting
In the R 1 -R 2 diagram [where R 1 = 4Si -11(Na + K) -2(Fe + Ti) and R 2 = 6Ca + 2Mg + Al], reflecting the tectonic evolutionary stages of the orogenic belt (Batchelor and Bowden, 1985) , all the samples fall within the postorogenic area, forming a continental crust uplift extensional setting (Fig. 14) .
Previous studies suggested that the YIA belt was the product of the westward subduction of the Ganze-Litang Ocean. The earliest westward subduction occurred in the Early Triassic (Mo et al., 1994; Hou et al., 2007; , continuing to the Late Triassic. As the slab of the Ganze-Litang Ocean subducted beneath the Zhongza Massif, owing to the structural differences within the plate and to the variable subduction rates, the slab was split and subducted at different angles. In the northern part, the relatively rapid and steep subduction resulted in development of an extensional arc (the Changtai Arc), characterized by an intra-arc rift and a backarc basin. In the southern part, the relatively slow subduction with a gentle angle resulted in a compressional arc (the Zhongdian arc), characterized by andesitic volcanic rocks and intermediate-acid intrusions. The YIA experienced several orogenic stages, including subduction orogenesis (238-208 Ma), syn-collision orogenesis (208-138 Ma), postcollision extension (138-75 Ma), and strike-slip transfer (65-15 Ma) (Hou et al., 2007; Li et al., 2011) .
The zircon U-Pb age obtained from the sample RX-19 was 79.3 ± 0.7 Ma (MSWD = 3.8), so the copperbearing monzogranite formed in the Late Yanshanian. In the southern segment of the YIA (the Zhongdian arc), compared with the Indosinian metallogenic event, a Late Cretaceous porphyry (hydrothermal) Cu-Mo multimetal mineralization event also exists. The molybdenite Re-Os isochron ages from Hongshan in the central part of the Zhongdian arc are 77 ± 2 Ma (Xu et al., 2006) and 78.9 ± 1.9 Ma (Peng et al., 2014) . The molybdenite Re-Os isochron ages from the Xiuwacu porphyry Wo-Mo deposit and the Relin hydrothermal Cu-Mo deposit in the northern Zhongdian arc are 83.1 ± 1 and 81.2 ± 2.3 Ma, respectively . The 40 Ar/ 39 Ar age of biotite from the Zhujiding ore-bearing granite is 83.7± 0.9 Ma (Li et al., 2012) ; the U-Pb ages of the barren monzonite granite porphyry and ore-bearing monzonite granite porphyry from the Yigongnuo porphyry copper deposit are 93.0 ± 1.5 Ma (our unpublished data) and 82.9 ± 2.1 Ma, respectively (Li et al., 2012) . The above-mentioned data indicate that, in addition to the known Triassic Cu(-Au) porphyry systems, a Late Cretaceous porphyry (hydrothermal) Cu-Mo polymetallic mineralization event also exists in the southern segment of the YIA (the Zhongdian arc) and in the central segment of the YIA. The Hongshan, Relin, Xiuwacun, Zhujiding, Rexiang, and Yigongnuo deposits (from the southern to central YIA) (Fig. 1b) are characterized by close mineralization ages (77-83.7 Ma) and similar mineralization types (porphyry or hydrothermal type). These metallogenic characteristics probably Batchelor and Bowden, 1985) . Fig. 13 . Rb/Ba vs. Rb/Sr plot for Rexiang monzogranite (after Sylvester, 1998). resulted from the continuous evolution of the same or similar tectono-magmatic mineralization during the postcollisional extension.
Combining the analysis of its tectonic setting, its origin, and U-Pb ages, we conclude that the monzogranite has an affinity to highly fractionated and weakly peraluminous I-type granite, different from commom Stype granites that are peraluminous. It resulted from partial melting of the crustal clay-rich rocks formed during an extensional setting in the postorogenic stage of Late Yanshan after the collisional orogenesis of the YIA in the Early Yanshanian.
CONCLUSIONS
(1) The zircon U-Pb dating for the Rexiang copperbearing monzogranite gives an identical crystallization age of 79.3 ± 0.7 Ma, indicating its formation in the Late Yanshanian.
(2) The Rexiang copper-bearing monzogranite, characterized by high-K calc-alkaline to shoshonitic composition, moderate A/CNK values (primarily within 1.02-1.06), high differentiation index (DI = 86-94), and moderate corundum (0.34-2.19%; primarily within 0.27-0.76), indicate a geochemical affinity to weakly peraluminous and highly fractionated I-type granite.
(3) The monzogranite is enriched in Rb, Th, U, Ta and LREE but depleted in Ba, Sr, P and HREE and has higher initial 87 Sr/ 86 Sr ratios, suggesting their derivation from partial melting of crustal clay-rich rocks in the postorogenic stage of Late Yanshanian.
(4) In addition to the known Triassic Cu(-Au) porphyry systems, a Late Cretaceous porphyry (hydrothermal) Cu-Mo mineralization event also exists in the southern segment of the YIA (the Zhongdian arc) and in the central segment of the YIA.
